The present work theoretically investigates the probability of generation of entangled electronphoton pair in high-energy Compton scattering of unpolarized electrons and photons. The study suggests that the scattering of unpolarized electrons and photons with nearly equal energy of the order of MeV can create entangled pair of up-spin electron and RCP photon or down-spin electron and LCP photon due to scattering-channel-exchange. The entanglement is quite strong exhibiting jump-concurrence for particular directions of scattering however not limited by the Kapitza-Dirac restriction. Such strong electron-photon entanglement is observed to be highly selective along the directions of scattering on the surface of two opposite cones at 45 0 around the electron-detector axis and on the plane perpendicular to it, the latter one exhibiting maximal entanglement. The work predicts that spin-polarization entangled electron-photon pairs are highly possible to be found in practical experiments of high-energy Compton scattering with specific directional selectivity. phenomena of entangled electron-photon pair production, however, are shown to be limited by two basic requirements: firstly, the incoming and outgoing photons must propagate in opposite directions with identical momentum value (i.e. 'Kapitza-Dirac restriction') and secondly, the incoming particles must have specified spin-polarization.
since the cross-channel probability ('s''u') averaged over all spin states is 0 * 2 1    . Thus, the generated electrons and photons are conventionally assumed to be in product state of their individually superposed states. It is apparent that, if measured, such individually superposed electron and photon out-scattered states will collapse to the corresponding specific polarization states, however, that does not necessarily imply that, when not measured, all of the outgoing electrons and photons will be in such individually superposed states and mutually in product state in general. In fact, the possibility of generation of electrons and photons of specific spin polarization on scattering of such unpolarized ones must not depend on whether such spin states are measured or not.
In this regard, the current work reveals the probability of generation of such specific spin polarized states, i.e. up/down-spin (   , ) of electron and left/right circular polarization ( R L , ) of photon, at the cross-channel ('s''u') of high-energy Compton scattering of unpolarized electron-photon. It is worthy to mention that such pair-production at cross-channel implies a transition from one channel to the other, i.e. 's''u' or 'u''s', during scattering process. In Compton scattering, physically, the 's'-channel represents simultaneous annihilation of electron and photon whereas 'u'-channel refers to their consecutive annihilation. The propagator 4-momentum is thus different in the two channels in general ( Fig.1 ) and equalizes to each other only under Kapitza-Dirac restriction. Therefore, without such restriction the conservation principle in general requires that any one of the two possible channel transitions (i.e. 's''u' or 'u''s') must be accompanied together with the other one as per the limit of energy-time and position-momentum uncertainty. Such channel exchange is thus associated with a momentum transfer which in turn can induce specific polarization information to the created photon due to gauge symmetry; which in correspondence to the spin conservation induces specific spin information to the created electron. In such way it is possible to get spin/polarization entangled electron-photon pairs on Compton scattering of unpolarized electrons and photons due to channel exchange at high-energy.
Thus in general, the out-scattered state of electron-photon pair can be expressed as 
To quantify the entanglement between electron and photon in such case, the 'concurrence' is a good measure [23-25], given by,
where the maximum value of C indicates maximally entangled pair production whereas a zero value corresponds to the product state.
The cross-channel ('s''u') terms in such high energy Compton scattering probability are given
represent the momentum 4-vectors of incoming and outgoing electron and photon, respectively, with
Dirac spinor of spin-state ' s ' for electron and photon of polarization '  ';  's are Dirac gamma matrices and e is the electronic charge. Since the incoming electron and photon are assumed to be unpolarized, the relations
give rise to the net 'channel-exchange' probability to be,
It is interesting to note that the generated states of electron-photon pair are non-separable due to the terms   , where '+' is for up-spin ( 1  r ) and '-' stands for down-spin ( 2  r ).
Here, the polarization states of real photon propagating along Z-axis is given by
as per right/left circular polarization (RCP/LCP), respectively, which can be transformed by using the relevant rotation matrix for any other direction of propagation. 
The '  '-sign appears in Eq.5 twice, once through
for polarization of real photon and then through 2 T due to spin of electron, which together, in turn, results to the possible 'electron spin'-'photon polarization' entanglement.
It is observed by varying all the parameters that maximal entanglement is obtained at some specific relative directions of the inscattering electron and photon, and only if their energy values are nearly identical. In this context, at a perpendicular electron-detector position (i.e. 2 /    e ), the probability of producing the four possible states for different polar and azimuthal angels of the incoming photon is plotted in Fig.3 . It is apparent from the figure that the probability of Fig.3 shows that, at certain angles of incoming photon direction, the nature of variation of 'set-1' and 'set-2' are opposite indicating the 'concurrence' to be high. And at a
, 'set-1' shows a jump hike to maximum whereas 'set-2' jumps down to zero, thereby obtaining the maximum 'concurrence'. Under such specific condition, that, the incoming unpolarized electron and photon come from opposite directions with identical energy, the channel-exchange probability is obtained to be [see Supplementary
where,   el  represent up/down spin of electron and   ph  denote RCP/LCP states of the outscattered photon. Thus the probability of creating up-spin electron and RCP photon or down-spin electron and LCP photon is maximum and that of creating any of the other two combinations is zero indicating a maximally entangled, i.e. a pure Bell-state of electron-photon pair production on high energy Compton scattering due to 'channel-exchange'.
By varying the directions of incoming electron and photon, it is observed that such 'concurrence'
of jumps occur at some particular values of e  and ph  but only at    ph , i.e. when the electron-detector (i.e. the created electron) is in the plane of inscattering electron and photon. Therefore, the normalized scattering probability with all the out-scattered states 
. However, the plots of Fig.4 show that there are many other possible directions for which 'set-1' and 'set-2' varies oppositely in nature but not as jump thereby indicating some degree of entanglement but not strong.
In order to investigate the jump-concurrence at such particular directions, the angular distribution of creation probability of 'set-1' and'set-2' in terms of incoming photon directions for the 
, 'set-1' and 'set-2' curves show peaks and dips, respectively. However
, the variation shows a dip of 'set-2' to zero value thereby indicating the generation of a pure Bell-state. The other jump-concurrences indicate strong entanglement but not maximal. It is worthy to mention that the former four angles represent two opposite cones around the electron-detector axis and the last angle shows a plane perpendicular to it resulting maximal entanglement. It is also interesting to note that all such jumpconcurrences, as can be seen in Fig.4 and Fig.5 , ensure a contour line in ) , ( ph e   -space around the concurrence point on which concurrence is zero where 'set-1' and 'set-2' intersects. Thus all such strong entanglement conditions defined by jump-concurrences are bounded by the productstate conditions indicating such strong entanglement conditions to be highly selective over the scattering electron-photon directions.
In conclusion, the current work explores the possibility of entangled electron-photon pair production due to channel-exchange in high-energy Compton scattering of unpolarized electronphoton without the Kapitza-Dirac restriction. It has been shown that if the electrons and photons, with nearly equal energy of the order of MeV, scatter, an entangled pair of up-spin electron and RCP photon or down-spin electron and LCP photon can be created. Such entanglement is quite strong for particular directions of scattering particles along two opposite cones around the electron-detector axis and along the plane perpendicular to it is maximal; and thus in such particular directions the spin-polarization entangled electron-photon pairs are highly possible to be found in practical experiments. 
represents Dirac spinor of spin-state ' s ' for electron and photon of polarization '  ';
 's are Dirac gamma matrices and e is the electronic charge.
Invariant amplitude:
Cross terms of the probability: Now, in the high-energy limit, where electron mass can be neglected, the cross-term probabilities become, (primed is used to denote high-energy limit, i.e.
Thus, the net cross-term probability is . Thus,
Now considering the momentum of outgoing electron to be along z-axis, in the high energy limit,
Now consider the incoming electron and photon with same energy but to move in opposite directions, say along X-axis. Thus, 
